Objective: Hydroalcoholic and alcoholic extracts of the various parts of Bougainvillea spectabilis Willd. (Nyctaginaceae) have been used as a natural therapeutic agent in traditional medicine to treat oxidative damage/ oxidative stress, and inflammation from ancient times. Materials and Methods: Research is principally focused on evaluating the effect of various parts of this plant on its anti-inflammatory and antioxidant effects. In vitro studies were conducted for anti-inflammatory and antioxidant activities. Results: Hydroalcoholic and alcoholic extracts of the various parts of the plants showed scavenging activity against 2, 2-diphenyl-1-picrylhydrazyl radical relative to Vitamin C (standard) at P < 0.05, but an excellent activity was observed with flowers as compared with other parts of the plants in hydroalcoholic extract. A remarkable anti-inflammatory activity observed by hydroalcoholic extract (10% w/w) of flowers as compared to leaves, stem, and roots against diclofenac sodium (standard). The present investigation revealed that the hydroalcoholic extracts of the flowers of B. spectabilis Willd. exhibited significant antioxidant activity which is comparable to known standards.
INTRODUCTION
T he genus Bougainvillea is a native to South America and derived its name from Louis Antoine de Bougainville (1729-1811), an admiral in the French Navy who encountered the plant in Brazil, in 1768, and it was introduced to the rest of the world. [1] The genus Bougainvillea in the Nyctaginaceae (4 O' clock) family of plants has 18 species, with three that are horticulturally important (in ornamental sense) Bougainvillea spectabilis, Bougainvillea glabra, and Bougainvillea peruviana. [2] Bougainvillea species are not native to Montenegro, and they are primarily used as decorative plants in gardens.
Bougainvillea species have been shown to possess alkaloids, flavonoids, cardiac glycosides, saponines, [3] and beta-cyanins. [4] Momordin IIc and two quercetin glycosides were isolated from B. spectabilis. In addition, n-octacos-9-enoic acid 8 was isolated from the roots of B. spectabilis.
The chemical constituents of the genus Bougainvillea have been extensively studied since 1970. [4, 5] Flowers -fresh flowers, bearing ivory-white bracts contain glycosides of quercetin and isorhamnetin. These glycosides are quercetin-xyloside and isorhamnetin-glucorhamnoside. [6] [7] [8] Leaves -pinitol or D-chiro(+)-o-methyl inositol is a potent antidiabetic compound isolated from leaves, [9, 10] spinasterol, and quercetin. [11] Fatty acids and fatty alcohols have been reported from roots and branches [12, 13] . Eight peltogynoids, vogainvinone from A to M and flavonoids have also been reported from stem bark [14, 15] . Volatile compounds mainly methyl salicylate terpinolene, 2-furfural cadina-1, 4-diene, linalool etc [12] have been reported in leaves and branches.
ORIGINAL ARTICLE
Phytochemical analysis and in vitro antioxidant activities of leaves, stems, flowers, and roots extracts of Bougainvillea spectabilis Willd.
B. spectabilis leaves are reported to have medicinal properties such as antidiabetic, [3, 16, 17] antiviral, [18] antibacterial, [2, 19] antiinflammatory, [20] larvicidal, [21] and antifertility potential. [22] Phytochemical investigation of all pats like leaves stems flowers and roots by hydroalcoholic and alcoholic extracts of B. spectabilis showed the presence of antioxidant and anti-inflammatory activities.
MATERIALS AND METHODS

Collection of Plant Materials
The whole plants of B. spectabilis Willd. were collected in February 2018 from the nearby area of Sharda University, Greater Noida, U. P.
Authentication of Plant Material
The plant material was authenticated as B. 
Extraction of Plant Materials
The plant material (each part) Bougainvillea (1.0 kg) was air dried, crushed to smaller pieces, redried, and coarsely powdered and was then exhaustively extracted with ethanol (95%) and hydroalcoholic mixture (water:alcohol: 40:60) in a Soxhlet apparatus for 72 h. The alcoholic and hydroalcoholic extracts were dried and dark brown masses were obtained.
Preliminary Phytochemical Screening
The alcoholic and hydroalcoholic extracts of each part of Bougainvillea were subjected to preliminary phytochemical investigation for the detection of the following metabolites: Alkaloids, carbohydrates, glycosides, phenolic compounds, flavonoids, protein and free amino acids, saponins, and sterols. [23] Quantitative Estimation of Phytoconstituents
Quantification of alkaloids
The content of alkaloid in the plant sample was determined. [23] 5 g of the sample was weighed and transferred in a beaker and 200 ml of 10% acidic acid in ethanol was added. The mixture was covered and allowed to stand for 4 h at ambient temperature. The filtered extract was concentrated on a water bath to ¼ th of the original volume. Concentrated NH 4 OH was added dropwise to the extract until the precipitation was complete. The whole solution was allowed to settle and the precipitate was collected and washed with dilute NH 4 OH and then filtered. The residue obtained was dried and weighed.
Quantification estimation of saponins
The saponin content in the different parts of the plant was determined using the dried hydroalcoholic and alcoholic. [24] The leaves, stems, flowers, and roots were ground and 20 g of it were transferred into a conical flask and 100 ml of 20% aqueous ethanol was added. The sample was heated over a hot water bath for 4 h with continuous stirring at about 55°C. The mixture was filtered and the residue was reextracted with another 200 ml of 20% ethanol. The combined extracts were reduced to 40 ml over a water bath at 90°C. The concentrate was transferred into a 250 ml separating funnel and 20 ml diethyl was added and shaken vigorously. The aqueous layer was recovered while the ether layer was discarded. The purification process was repeated. 60 ml of n-butanol was added and the combines of n-butanol extracts were washed twice with 10 ml of 5% aqueous NaCl. The remaining solution was evaporated on a water bath. After evaporation, the samples were dried in the oven to obtain a constant weight. The saponin content was calculated as percentage.
Quantification of total phenolic contents
Using modified Folin-Ciocalteu method, [25] total phenol contents in the extracts were determined.
About 50 lL aliquots of 12.5, 25, 50, 100, 200, and 400 Lg/ml methanolic gallic acid solutions were mixed with 100 lL Folin-Ciocalteu reagent (diluted 10-fold) and 100 lL (75 g/L) sodium carbonate.
The mixture was incubated at 25°C for 30 min, the quantitative phenolic estimation was performed at 765 nm. The calibration curve was constructed by plotting the absorbance against concentration. A similar procedure was adopted for the test samples as described above. Total phenolic content was expressed as milligrams of gallic acid equivalent (GAE) per g of extract using the following equation based on the calibration curve: y = 0.0003x + 0.0716, R2 = 0.9365, where x was the absorbance and y was the tannic acid equivalent (mg/g).
Quantification of Flavonoids
Estimation of the total flavonoids in the plant extracts was carried out using the method. [26] 0.5 ml of 2% AlCl 3 ethanol solution was added to 0.5 ml of sample. After 1 h at room temperature, the absorbance was measured at 420 nm. Extract samples were evaluated at a final concentration of 1 mg/ml. Total flavonoid content was calculated as quercetin (mg/g) using the following equation based on the calibration curve: y = 0.0255x, R2 = 0.9812, where x was the absorbance and y was the quercetin equivalent (mg/g).
In vitro evaluation of B. spectabilis Determination of antioxidant activity
2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity Preparation of extracts
The air-dried and coarsely powdered material (1000 g) was exhaustively extracted with hydroalcoholic mixture and alcohol in a reflux condenser for 4-5 h. The extracts obtained were dried under reduced pressure to obtain a brownishcolored residue.
Preparation of Stock solution of DPPH About 3.94 g of DPPH was dissolved in 1000 ml of methanol to prepare 10 mM solution. Transferred 1 ml of this solution to a 100 ml volumetric flask and diluted it up to 100 ml with methanol to make a concentration of 0.1 mM. The solution was kept in darkness for 30 min to complete the reaction. About 1 ml of DPPH solution was added to 1 ml of different extracts and allowed to stand at room temperature for 30 min, and then, absorbance was measured at 517 nm in a spectrophotometer. Similarly, 1 ml extracts in distilled water were added to 0.6 ml of hydrogen peroxide solution and the absorbance was measured at 230 nm in a spectrophotometer. The percentage inhibition was measured by the following formula: [27] % inhibition = (Ac-At) ×100/Ac Where, Ac is the absorbance of control and At is the absorbance of test sample.
Anti-inflammatory activity
The reaction mixture (5 ml) consisted of 0.2 ml of egg albumin (from fresh hen's egg), 2.8 ml of phosphate-buffered saline, pH 6.4, and 2 ml of varying concentrations of alcoholic extract of clove oil so that final concentrations becomes 100, 200, 400, 800, and 1000 µg/ml. Similar volume of double-distilled water served as control. Then, the mixtures were incubated at 37 ± 2°C in biochemical oxygen demand incubator for 15 min and then heated at 70°C for 5 min. After cooling, their absorbance was measured at 660 nm. Diclofenac sodium (100 µg/ml) was used as reference drug. The percentage inhibition of protein denaturation was calculated using the following formula: [27] Percentage inhibition = (Abs control -Abs test sample) ×100/ Abs control, Where, Abs -Absorbance.
RESULTS AND DISCUSSION
Qualitative Phytochemical Screening
Alkaloids, cardiac glycosides, flavonoids, saponins, terpenoids, and tannins have given the positive test in the different parts of the plant and summarized in Table 1 .
Quantitative Estimation of Phytoconstituents
Alkaloids
The maximum amount of alkaloids has been reported in plant roots and followed by leaves, stems, and flowers in both the extracts. Results have been summarized in Tables 2 and 3 . 
Amino acids and proteins
Petroleum ether, C: Chloroform, A: Alcohol, where "+" indicates positive and "-" indicates negative
Saponins
The maximum amount of saponins has been reported in plant roots and followed by leaves, stems, and flowers in both the extracts. Results have been summarized in Tables 2 and 3 .
Total phenolic contents (g of GAE)
The maximum amount of phenolic contents (g of GAE) has been reported in plant leaves and followed by stems, flowers, and roots in both the extracts. Results have been summarized in Tables 2 and 3 .
Total flavonoids (g of quercetin equivalents)
The maximum amount of total flavonoids (g of quercetin equivalents) has been reported in plant flowers and followed by leaves, stems, and roots in both the extracts. Results have been summarized in Tables 2 and 3 . In vitro activities
Antioxidant activity
The results were summarized in Tables 4 and 5 and Figures 1-4 . It was observed that the scavenging activity of dried hydroalcoholic and alcoholic extracts of plant in all concentrations from 10 to 250 µg/ml was dose dependent. The results demonstrated that the alcoholic extract at concentration of 10% w/w showed maximum scavenging activity and showed maximum inhibition of reactive oxygen species with EC value of 15 ug/ml. 
Anti-inflammatory Activity
The results were summarized in Tables 6 and 7 and Figures 5-8 . Dose-dependent anti-inflammatory response was obtained with dried hydroalcoholic and alcoholic extracts and 10% w/w alcoholic extract showed significantly higher percentage of inhibition comparable results to that of diclofenac sodium taken as reference standard. Denaturation of tissue proteins is one of the well-documented causes of inflammation.
CONCLUSION
Plants are the valuable source of therapeutic agents in the armory of modern medicine itself. Natural products that have come into modern therapy are the result of an approach that has been adopted during the past 50 years.
Medicinal herbs have been of use for thousands of years in one form or another under the indigenous systems of medicine such as Ayurveda, Siddha, and Unani.
The present study provides scientific evidence for antioxidative, free radical scavenging, and anti-inflammatory activities from all parts of Bougainvillea in in vitro models that are due to various bioactive compounds.
Further studies are required to isolate and identify the compounds that are responsible for the various therapeutic activities with proper scientific evaluation and support so that it can be efficiently incorporated into drugs.
